AbsTrACT Purpose To report the outcomes of lensectomy in spherophakic eyes with subluxated or dislocated crystalline lenses and secondary glaucoma. Methods Lensectomy was performed in 52 eyes, 36 eyes with lens subluxation and 16 eyes with lens dislocation with secondary glaucoma from 1991 to 2016. Glaucoma was diagnosed based on intraocular pressure (IOP) ≥22 mm Hg and/or glaucomatous optic disc damage. Complete success was defined as IOP ≥5 and ≤21 mm Hg without antiglaucoma medications (AGMs) or surgery, and eyes needing oral AGM or surgical intervention for IOP control or those with complication causing loss of light perception were considered failure. results Median (IQR) age at lensectomy was 12 (6-18) years, and median spherical equivalent was −14.5D (−23.7to −13). Median follow-up was 30.6 (5.4-103.4) months. Median logMAR (logarithm of minimal angle of resolution) visual acuity improved from 0.95 (0.6-1.8) to 0.4 (0.2-1.3) after lensectomy (p=0.01). Median IOP decreased from 22 mm Hg (17-31) to 14 mm Hg (11-19) at final follow-up (p=0.01). Median number of AGM decreased from 2 (2-3) to 1 (0-2) at final follow-up (p<0.0001), and glaucoma surgery was needed in four eyes (7.7% eyes). Complete success probability was 69% at 1 year and 51% at 5 years. Younger age (<6 years), higher presenting IOP (>32 mm Hg) and larger cup to disc ratio at presentation were found to be significant risk factors for failure. Conclusion Lensectomy was effective in controlling IOP in close to half of all eyes with spherophakia and secondary glaucoma, 40% eyes needed AGM and only 7.7% eyes needed glaucoma surgery for IOP control. In this cohort, younger age, higher IOP and larger cup to disc ratio at presentation were risk factors for poor glaucoma control after lensectomy.
AbsTrACT
Purpose To report the outcomes of lensectomy in spherophakic eyes with subluxated or dislocated crystalline lenses and secondary glaucoma. Methods Lensectomy was performed in 52 eyes, 36 eyes with lens subluxation and 16 eyes with lens dislocation with secondary glaucoma from 1991 to 2016. Glaucoma was diagnosed based on intraocular pressure (IOP) ≥22 mm Hg and/or glaucomatous optic disc damage. Complete success was defined as IOP ≥5 and ≤21 mm Hg without antiglaucoma medications (AGMs) or surgery, and eyes needing oral AGM or surgical intervention for IOP control or those with complication causing loss of light perception were considered failure. results Median (IQR) age at lensectomy was 12 (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) years, and median spherical equivalent was −14.5D (−23.7to −13). Median follow-up was 30.6 (5.4-103.4) months. Median logMAR (logarithm of minimal angle of resolution) visual acuity improved from 0.95 (0.6-1.8) to 0.4 (0.2-1.3) after lensectomy (p=0.01). Median IOP decreased from 22 mm Hg (17-31) to 14 mm Hg (11) (12) (13) (14) (15) (16) (17) (18) (19) at final follow-up (p=0.01). Median number of AGM decreased from 2 (2-3) to 1 (0-2) at final follow-up (p<0.0001), and glaucoma surgery was needed in four eyes (7.7% eyes). Complete success probability was 69% at 1 year and 51% at 5 years. Younger age (<6 years), higher presenting IOP (>32 mm Hg) and larger cup to disc ratio at presentation were found to be significant risk factors for failure. Conclusion Lensectomy was effective in controlling IOP in close to half of all eyes with spherophakia and secondary glaucoma, 40% eyes needed AGM and only 7.7% eyes needed glaucoma surgery for IOP control. In this cohort, younger age, higher IOP and larger cup to disc ratio at presentation were risk factors for poor glaucoma control after lensectomy.
InTroduCTIon
Spherophakia is a rare, often bilateral condition, in which the crystalline lens assumes a spherical shape due to abnormally lax zonules. Spherophakic lenses have reduced equatorial diameter and increased anteroposterior diameter causing high lenticular myopia. 1 2 The increased anteroposterior diameter of the lens and its anterior displacement due to weak zonules predisposes these eyes to acute pupillary block or chronic angle closure glaucoma. The triad of angle closure glaucoma, shallow anterior chamber and refractive myopia in a young patient are described as hallmarks of this condition. 3 4 The most important cause of permanent visual loss in spherophakia is glaucoma, 2 angle closure being the most common cause. [3] [4] [5] [6] [7] Weak zonules in these eyes often lead to lens subluxation or dislocation resulting in complications such as elevated intraocular pressure (IOP), corneal decompensation and rarely retinal detachment. 2 Although subluxation or dislocation of the lens causing acute or chronic angle closure is the primary cause of elevated IOP, open angles with developmental angle anomaly also contribute to decrease in aqueous outflow and elevated IOP. 8 9 Management options for subluxated or dislocated lenses with elevated IOP include lens removal alone or combining lens extraction with glaucoma surgery. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Controversy exists on the role of lensectomy alone in lowering IOP in spherophakic eyes. Some studies have reported no benefit, and few case reports have shown IOP control in the early postoperative period, however needing additional medications or surgery in the long term. Muralidhar et al and Yasar reported no benefit on IOP reduction following lensectomy 10 17 ; on the contrary, lens extraction with or without intraocular lens implantation was found to be effective in decreasing IOP in few studies with short follow-up. 7 9 14-16 However, Yang et al have reported long-term IOP elevation needing additional antiglaucoma medications (AGMs) or glaucoma surgery to control IOP.
14 There are no studies that have looked at the long-term outcomes and risk factors for predicting long-term failure in eyes with subluxated or dislocated lenses in eyes with spherophakia and secondary glaucoma.
MeThods
We retrospectively reviewed records of consecutive patients who underwent lensectomy for subluxated or dislocated lens in eyes with spherophakia and secondary glaucoma over a 25-year period . The study was approved by the Institutional review board of L V Prasad Eye Institute and adhered to the tenets of Declaration of Helsinki. Informed consent was taken from the parents of all subjects prior to the intervention. All patients diagnosed with spherophakia and secondary glaucoma who underwent pars plana lensectomy or lensectomy through a limbal route were included. Patients with prior filtering surgery or those who underwent combined glaucoma filtration surgery with lensectomy or scleral fixated intraocular lens (SFIOL) or glued IOL or lens extraction with in-the-bag IOL placement were also excluded. The eyes that were medically treated or under observation without lensectomy were not included in our study.
The variables collected included age, gender, presenting complaint, associated systemic conditions, preoperative and postoperative best-corrected visual acuity (BCVA), preoperative and postoperative refraction, IOP at presentation (IOP was measured either with Goldmann applanation tonometer or Perkins tonometer), preoperative and postoperative IOP, number of preoperative and postoperative AGMs used, laser peripheral iridotomy, lens status (subluxation/dislocation) at presentation, gonioscopy, cup to disc ratio, indication for lensectomy, technique of lensectomy, complications of the procedure or any other surgical intervention and duration of follow-up.
Spherophakia was diagnosed clinically based on the spherical shape of the lens on slit lamp and the visibility of the lens equator on pharmacological mydriasis (or with indirect ophthalmoscopy when posteriorly dislocated), with high refractive myopia (when possible). For the purpose of the study, glaucoma was defined based on one or more of the following criteria: (1) IOP ≥22 mm Hg or IOP ≤22 mm Hg on AGM and (2) glaucomatous optic disc damage. Elevated IOP ≥22 mm Hg in the absence of disc damage is ocular hypertension; however, in eyes with secondary glaucoma, we often refer to this as glaucoma, hence we have combined ocular hypertension and glaucoma and would refer to them as glaucoma in the manuscript.
surgical technique
Lensectomy was performed by pars plana approach or limbal route. In the pars plana approach, two/three sclerotomies were performed, 3 mm from limbus (or age appropriate distance) in the inferotemporal, superotemporal and superonasal quadrants. Infusion cannula was fixed in the inferotemporal quadrant. Complete lensectomy was performed using a vitreous cutter making sure the capsular remnants were removed. Limited anterior vitrectomy was also performed up to anterior one-third of vitreous cavity. At the end of the surgery, peripheral retinal examination was performed to rule out any inadvertent retinal breaks. The sclerotomies were closed with 8-0 vicryl suture. In recent times, the pars plana vitrectomy (PPV) and lensectomy are performed with 23/25 gauge surgery after technological advancements. In the limbal approach, two paracenteses were performed at 2'0 clock or 10'0 clock position for the vitrectomy probe and at 6'0 clock position for the anterior chamber maintainer. A complete lensectomy was performed with limited anterior vitrectomy. All surgical sites were closed with 10-0 nylon sutures. The sutures were removed after 1-6 weeks in most cases. The limbal route or pars plana route for lensectomy was based on the position of the subluxated or dislocated lens, the status of the cornea and the surgeon's preference.
Complete success was defined as IOP ≤21 and ≥5 mm Hg without the need for AGM. Qualified success was defined as IOP ≤21 and ≥5 mm Hg with topical AGMs. The eyes with medically uncontrolled IOP ≥22 mm Hg requiring oral AGM to achieve IOP control or those requiring additional glaucoma procedures to lower IOP <21 mm Hg or a complication resulting in loss of light perception were labelled as failure. 
Clinical science statistical analysis
Descriptive statistics included mean and SD for normally distributed variables and median and IQR for non-normally distributed variables. Kaplan-Meier survival curves were used to assess cumulative probability of success. A multivariate Cox regression model with stepwise elimination using Akaike information criteria (AIC) was used to assess the risk factors for failure. A p≤0.05 was considered statistically significant. Statistical analysis was performed using commercial software (Stata V.12.0; StataCorp and R software).
resulTs
Between 1991 and 2016, 373 eyes of 202 subjects with spherophakia underwent lensectomy at our institute. During this period, 79 eyes out of 57 subjects had glaucoma in spherophakic eyes with subluxated or dislocated lens. Of these, 52 eyes of 36 subjects underwent lensectomy, which were included in our study. Lensectomy with SFIOL or glued IOL was performed in 27 eyes of 21 subjects, and these were excluded from the analysis.
demographic, preoperative and postoperative parameters
Demographic, preoperative and postoperative parameters are described in table 1. There were 21 male (58.3%) and 15 female (41.6%) subjects. Systemic associations were noted in 13 subjects, 11 had Weill Marchesani syndrome and 1 each had Marfan's syndrome and homocystenemia. The most common presenting complaint was decrease in vision in 23 subjects, 6 subjects presented with painful diminution of vision, 2 subjects had photophobia, 3 came for discomfort in one eye and 1 had family history of glaucoma and came for routine eye examination.
Preoperative refractive error data (n=32) revealed a median spherical equivalent of −14.5 dioptre (D) (IQR: −13 to −23.75; range: −4.5 D to −39.25 D). The median log MAR (logarithm of minimal angle of resolution) BCVA at presentation was 0.95 (IQR: 0.6-1.8). The median IOP at presentation (n=50) was 26 mm Hg (IQR: 20-37; range: 10-63 mm Hg); in two eyes with severe corneal oedema with anterior lens subluxation, digital IOP was recorded high. Preoperatively, 48 out of the 52 eyes were on topical AGM, 5 eyes were on 4 AGMs, 13 eyes were on 3 AGMs, 23 eyes were on 2 AGMs and 7 eyes were on 1 AGM. Median number of preoperative AGM was 2 (2-3). Median preoperative IOP (n=48 eyes) before undergoing lensectomy was 22 mm Hg (IQR: 17-31). Gonioscopy showed closed angles in 19 eyes and open angles in 10 eyes, and in 23 eyes, gonioscopy was not possible or was not available. Eight eyes had undergone prior laser peripheral iridotomy. Crystalline lens was subluxated in 37 eyes, anteriorly dislocated in 12 eyes and posteriorly dislocated in 3 eyes. The median cup to disc ratio (n=44 eyes) was 0.6 (IQR: 0.35-0.8). Glaucomatous disc damage was present in 23 eyes, 21 eyes had normal disc with IOP >21 mm Hg and the remaining 8 eyes had elevated IOP, but disc details were not available.
lensectomy
The median age (IQR) at lensectomy was 12 years (IQR: 6-18 years). Bilateral lensectomy was performed in 16 subjects. The cumulative complete success probability of lensectomy in eyes with spherophakia and glaucoma by Kaplan-Meier analysis was 71% at 3 months, (number at risk 'n'=32) 69% at 1 year (n=28) and 50.9% at 5 years (n=18) (figure 2). The cumulative qualified success probability was 100% at 1 year (n=34), which was maintained until 3 years (n=28) and was 88% at 5 years (n=25) (figure 3). It is interesting to note that among the 15 eyes, which had dislocated lenses either anterior or posterior, 12 had complete success, 2 had qualified success and only 1 eye had failure.
Postlensectomy complications included choroidal detachment (CD) in three eyes and all responded to intensive topical steroids and topical cycloplegics, and RD in one eye. The eye with RD underwent belt buckle with pars plana vitrectomy and silicone oil injection. The final visual acuity of this eye was light perception despite attached retina.
risk factors for predicting need for AGM or glaucoma surgery
A multivariate Cox regression model with stepwise elimination using AIC was used to assess the effect of preoperative characteristics on the risk of failure of lensectomy for glaucoma control. The factors considered in the model were age, sex, BCVA at presentation, preoperative IOP, cup to disc ratio at presentation, subluxation or dislocation of lens, preoperative number of AGM, angle status and presence of peripheral iridotomy.
The final model retained age, preoperative IOP, cup to disc ratio and number of AGM as the risk factors (table 2) . Age was divided into three clusters by quantile distribution. Cluster A ranged from 2 to 6 years, cluster B ranged from 7 to 18 years and cluster C was ≥19 years at the time of surgery. Younger age had high risk for postoperative elevated IOP compared with age older than 6 years (older age was protective, 7-18 years 1/0.13=7.6 times and >19 years=1/0.12=8.33 times). By K-means clustering technique, the preoperative IOP was divided into three groups: group A: IOP less than 19 mm Hg, group B: IOP 20-32 mm Hg and group C: IOP >32 mm Hg. IOP >32 mm Hg at presentation was a significant risk factor with HR of 6.27 in univariate model and 4.1 in multivariate model. Higher cup to disc ratio at presentation was also a significant risk factor with 22.2 times greater risk for failure on multivariate model. Higher number of preoperative AGM (>2 AGMs) was a risk factor for failure in univariate model but not in multivariate model.
Angle status and laser PI were not associated with failure. Of the 19 eyes with closed angles on gonioscopy, in 12 eyes, IOP was controlled after lensectomy, 4 eyes needed AGM for IOP control and 3 eyes needed glaucoma surgery for IOP control. Of the 10 eyes with open angles, 4 eyes had good IOP control after lensectomy, 5 eyes needed AGM and 1 eye needed trabeculectomy for IOP control.
dIsCussIon
Glaucoma is the most common blinding complication in spherophakia. In the largest retrospective study by Senthil et al, glaucoma was diagnosed in 51% of the eyes at presentation, majority were young and a large proportion of them were blind due to glaucomatous optic neuropathy. 7 This emphasises the need to detect and treat glaucoma early and appropriately to prevent visual impairment and blindness associated with this condition.
Lens position abnormality plays a significant role in causing glaucoma in eyes with spherophakia. Hence, removing the lens should play an important role in decreasing IOP; however, there are conflicting reports in the literature. The current study, to our knowledge, is the largest series with 52 eyes and 30.6-month median follow-up, reporting outcomes of lensectomy in spherophakic eyes with subluxated or dislocated lenses associated with secondary glaucoma. Our long-term follow-up results and the risk factor analysis, we believe, would add new knowledge to the existing literature.
In our study, following lensectomy in eyes with spherophakia and secondary glaucoma, there was significant improvement 
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in visual acuity, IOP control was noted in half of all eyes over 5 years without need for AGM. The number of AGM significantly decreased postlensectomy and close to 40% eyes had IOP control with AGM, only 7.7% eyes needed glaucoma surgery for IOP control. Glaucoma in spherophakia can be multifactorial. 7 Elevated IOP could be due to acute or chronic angle closure due to lens position abnormality or may have open angles with angle anomaly or dysgenesis. 7 When glaucoma is associated with lens position abnormality such as subluxated or dislocated lenses, various surgical modalities have been recommended based on isolated case reports, either by lensectomy, extracapsular cataract extraction (ECCE), phacoemulsification, SFIOL, trabeculectomy, shunt surgeries or a combination of these. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] There are limited and conflicting reports on the outcome of lensectomy alone in the treatment of glaucoma associated with spherophakia. Willoughby and Wishart reported IOP control with only lens extraction (phacoemulsification) in two eyes of a patient with chronic pupillary block and patent PI with 4 to 6 months follow-up. 9 Kaushik et al reported a case of bilateral acute angle closure glaucoma where following lensectomy, IOP was under control without AGM until 6 weeks. 19 Another report by Tailor showed good IOP control over 2 years in two spherophakic eyes after ECCE and intraocular lens implantation. 20 In a study by Dagi and Walton, eight spherophakic eyes with subluxated lenses, elevated IOP and angle closure, lensectomy was useful to control IOP and prevent progression to complete angle closure in eyes that were operated early. Two of the cases in their series who underwent delayed lensectomy had persistent elevated IOP even after lensectomy. Hence, they concluded that early lensectomy was beneficial for IOP control in spherophakic eyes with subluxated lenses by preventing synechial angle closure. 21 In an earlier study by Senthil et al, out of the 14 eyes with elevated IOP that underwent lensectomy, 50% eyes had IOP control, the rest needed AGM to control IOP and none needed glaucoma surgery to control IOP. 7 Another study by the same group showed that, following trabeculectomy in spherophakic eyes with glaucoma, 45% of the eyes required lensectomy in the postoperative period. 18 It was noted that majority of these eyes that needed lensectomy had subtle subluxation of the lens prior to trabeculectomy. Hence, they concluded that in the presence of subluxated lens and high IOP, lensectomy would be a better choice rather than a trabeculectomy.
Few studies have reported lensectomy alone to be ineffective in controlling IOP in eyes with spherophakia and elevated IOP. In a study by Muralidhar et al, out of the 16 eyes in which lensectomy was performed for dislocated lens, four eyes with preoperative elevated IOP continued to have high IOP postlensectomy, and all four eyes needed surgical intervention for IOP control. Hence, they concluded that lensectomy was not beneficial in controlling IOP in spherophakic eyes. 10 They also reported that glaucoma surgery was also not successful in controlling IOP in these eyes, and many needed cyclodiode as a second intervention. Possible delayed presentation was responsible for refractory nature of glaucoma in their study, although they have not explained the reason for the refractory nature of the eyes in their cohort.
Transient complications were seen in three eyes (choroidal detachment), which improved with conservative management. Hypotony postsurgery could have led to the complication. One eye had retinal detachment, a sight threatening complication. Retinal detachment following pars plana lensectomy and vitrectomy is an uncommon but known complication due to the retinal breaks that develop intraoperatively or in the late postoperative period, 22 in predisposed patients with Marfan's syndrome. 23 Our patient had no syndromic association, had subluxated lens and had an uneventful surgery. Although the complication was detected and surgically managed, the visual acuity did not improve.
We found younger age at presentation, higher IOP, more number of AGM (in univariate model) use and greater disc damage at presentation to be significantly associated with higher risk of failure, that is, need for AGM or surgical intervention for IOP control after lensectomy. Closed angles on gonioscopy and need for laser PI could be a parameter that could be associated with failure of IOP control after lensectomy. However, there was no association between laser PI or angle status with development of glaucoma in our study. This observation is similar to what was noted in a study by Muralidhar et al 10 In their study, following lensectomy, 2/6 eyes that required trabeculectomy had open angles, trabeculectomy failed and both eyes needed retrabeculectomy and ultimately needed trans-scleral cyclophotocoagulation for IOP control. This further justifies that observation that although angle closure is the most common presentation, eyes with open angles with possible developmental angle anomaly could be associated with refractory glaucoma in eyes with microspherophakia. In our series, although lensectomy helped decrease IOP in 4/10 eyes with open angles, the rest needed additional medications or surgery for IOP control strengthening the hypothesis of angle dysgenesis in these eyes. It is possible that the subluxated or dislocated lens were also partly contributing to the rise in IOP which could explain IOP control with lensectomy in some of these eyes.
One of the limitations of our study is its retrospective design with its inherent problems and variable follow-up. However, for a rare condition such as spherophakia, to evaluate the longterm outcomes and risk factors in a uniform cohort of eyes with secondary glaucoma and subluxated or dislocated lenses, a retrospective study is valuable. Another limitation is incomplete data on gonioscopy for close to 40% of the eyes. Among the 56% eyes where gonioscopy was available, majority of the eyes had closed angles and in the risk factor analysis, the angle status did not turn out to be a risk factor, this could possibly be related to developmental angle anomaly in eyes with open angles that contributed to glaucoma and also due to less sample size. The extent of angle closure was not documented which may have helped us to look for association between extent of angle closure and failure. Not including eyes that underwent any other lens procedure such as SFIOL/glued IOL or combined surgeries could be a limitation. However, for the uniformity of the cohort and to decrease the variations in the outcomes that would be related to different surgical procedures, we excluded them.
If lensectomy alone can control IOP in spherophakic eyes with glaucoma and lens position abnormality, trabeculectomy which is associated with serious complications such as shallow/flat AC and its sequelae can be avoided. In our series, after lensectomy, half of all the eyes had well-controlled IOP, additional 40% eyes had IOP control with AGM. Sight threatening complication (RD) was noted in only one eye. Based on these results, in spherophakic eyes with subluxated or dislocated lenses and elevated IOP, we recommend lensectomy as the procedure of choice. AGM or glaucoma intervention could be planned if and when needed. Younger children with IOP >32 mm Hg with higher cup to disc ratio and need for higher number of AGM preoperatively predicted need for AGM or glaucoma surgery after lensectomy. Subjects with these risk factors should be counselled about need for additional AGM or glaucoma surgery after lensectomy. Close follow-up in the postoperative period is necessary to monitor IOP since majority of those that needed AGM required them within 3 months after lensectomy. The role of early lensectomy in prophylaxis against angle closure glaucoma in these eyes would also need to be evaluated.
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